A Probabilistic Model for Understanding and by Comparing Collective Aggregation et al.
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c
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p
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p
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p
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c
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p
r
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c
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p
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p
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￿
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p
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p
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p
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c
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c
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c
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c
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l
c
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n
d
e
s
c
r
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b
e
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n
e
x
p
e
r
i
m
e
n
t
w
i
t
h
a
c
o
m
p
l
e
t
e
l
y
d
i
f
-
f
e
r
e
n
t
r
o
b
o
t
i
c
p
l
a
t
f
o
r
m
s
u
c
h
a
s
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e
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n
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s
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c
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e
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c
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t
h
e
t
w
o
e
x
p
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e
n
t
s
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t
t
h
e
e
x
p
e
r
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t
a
l
a
n
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a
t
t
h
e
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o
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l
l
i
n
g
l
e
v
e
l
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e
e
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p
e
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p
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p
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c
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p
l
e
t
e
l
y
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i
￿
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r
e
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t
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e
t
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p
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e
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e
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n
t
d
i
￿
e
r
e
n
c
e
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b
e
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e
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e
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o
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p
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r
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b
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u
t
4
:
1
5
h
o
f
s
i
m
u
l
a
t
e
d
t
i
m
e
e
n
h
a
n
c
e
d
r
e
￿
e
c
t
i
n
g
b
a
n
d
(
n
o
t
s
h
o
w
n
i
n
F
i
g
.
1
a
)
.
T
h
i
s
b
a
n
d
a
v
o
i
d
s
t
h
a
t
m
o
v
-
i
n
g
r
o
b
o
t
s
c
a
n
b
e
r
e
c
o
g
n
i
z
e
d
a
s
o
b
j
e
c
t
s
t
o
g
r
a
s
p
a
n
d
i
n
c
r
e
a
s
e
s
t
h
e
r
o
b
o
t
-
r
o
b
o
t
a
v
o
i
d
a
n
c
e
d
i
s
t
a
n
c
e
(
s
e
e
T
a
b
.
1
)
.
T
h
e
s
a
m
e
r
o
b
o
t
c
o
n
￿
g
u
r
a
t
i
o
n
c
a
n
b
e
o
b
t
a
i
n
e
d
u
s
i
n
g
t
h
e
W
e
b
o
t
s
s
i
m
u
l
a
t
o
r
[
8
]
.
W
e
b
o
t
s
i
s
b
a
s
e
d
o
n
t
h
e
"
a
s
r
e
a
l
i
s
t
i
c
a
s
p
o
s
s
i
-
b
l
e
"
r
e
p
r
o
d
u
c
t
i
o
n
o
f
t
h
e
s
e
n
s
o
r
c
a
p
a
b
i
l
i
t
i
e
s
a
s
w
e
l
l
a
s
o
f
t
h
e
r
o
b
o
t
-
r
o
b
o
t
a
n
d
r
o
b
o
t
-
e
n
v
i
r
o
n
m
e
n
t
i
n
t
e
r
a
c
t
i
o
n
k
i
n
e
m
a
t
i
c
s
.
A
s
t
e
r
m
o
f
c
o
m
p
a
r
i
s
o
n
,
t
h
e
m
e
a
n
a
c
-
c
e
l
e
r
a
t
i
o
n
r
a
t
i
o
f
o
r
t
h
i
s
e
x
p
e
r
i
m
e
n
t
b
e
t
w
e
e
n
W
e
b
o
t
s
a
n
d
r
e
a
l
t
i
m
e
i
s
a
b
o
u
t
1
5
o
n
a
w
o
r
k
s
t
a
t
i
o
n
U
l
t
r
a
S
u
n
1
w
i
t
h
￿
v
e
r
o
b
o
t
s
.
W
e
c
a
n
s
u
m
m
a
r
i
z
e
t
h
e
r
o
b
o
t
’
s
b
e
h
a
v
i
o
u
r
w
i
t
h
t
h
e
f
o
l
l
o
w
i
n
g
s
i
m
p
l
e
r
u
l
e
s
.
T
h
e
r
o
b
o
t
m
o
v
e
s
o
n
t
h
e
a
r
e
n
a
i
n
a
s
t
r
a
i
g
h
t
l
i
n
e
l
o
o
k
i
n
g
f
o
r
s
e
e
d
s
.
W
h
e
n
i
t
s
s
e
n
s
o
r
s
a
r
e
a
c
t
i
v
a
t
e
d
b
y
a
n
o
b
j
e
c
t
,
t
h
e
r
o
b
o
t
s
t
a
r
t
s
a
d
i
s
c
r
i
m
i
n
a
t
i
n
g
p
r
o
c
e
d
u
r
e
.
T
w
o
T
a
b
l
e
1
.
C
o
m
p
a
r
i
s
o
n
b
e
t
w
e
e
n
K
h
e
p
e
r
a
’
s
a
n
d
B
e
c
k
e
r
s
e
t
a
l
.
’
s
s
e
t
-
u
p
s
.
A
l
l
g
e
o
m
e
t
r
i
c
a
l
d
i
m
e
n
s
i
o
n
s
a
r
e
g
i
v
e
n
i
n
[
c
m
]
.
B
e
c
k
e
r
s
e
t
a
l
.
’
s
r
o
b
o
t
s
a
r
e
e
q
u
i
p
p
e
d
w
i
t
h
a
1
7
c
m
w
i
d
e
C
-
s
h
a
p
e
d
g
r
i
p
p
e
r
(
*
)
,
s
e
e
F
i
g
.
1
b
S
e
t
-
u
p
A
r
e
n
a
S
e
e
d
s
R
o
b
o
t
s
D
e
t
e
c
t
i
o
n
r
a
n
g
e
I
n
i
t
i
a
l
s
c
a
t
t
e
r
i
n
g
;
h
n
b
d
i
m
n
b
s
e
e
d
s
w
a
l
l
s
r
o
b
o
t
s
K
h
e
p
e
r
a
8
0
x
8
0
1
.
7
2
.
5
2
0
5
.
5
;
1
{
1
0
1
.
7
1
.
7
6
.
5
a
r
b
i
t
r
a
r
i
l
y
i
r
r
e
g
u
l
a
r
B
e
c
k
e
r
s
e
t
a
l
.
2
5
0
x
2
5
0
4
2
.
5
8
1
1
7
x
2
1
1
{
5
8
.
5
*
2
0
2
0
r
e
g
u
l
a
r
g
r
i
dc
a
s
e
s
c
a
n
o
c
c
u
r
:
i
f
t
h
e
r
o
b
o
t
i
s
i
n
f
r
o
n
t
o
f
a
l
a
r
g
e
o
b
s
t
a
c
l
e
(
a
w
a
l
l
,
a
n
o
t
h
e
r
r
o
b
o
t
o
r
a
n
a
r
r
a
y
o
f
s
e
e
d
s
)
,
t
h
e
o
b
j
e
c
t
i
s
c
o
n
s
i
d
e
r
e
d
a
s
a
n
o
b
s
t
a
c
l
e
a
n
d
t
h
e
r
o
b
o
t
a
v
o
i
d
s
i
t
.
I
n
t
h
e
s
e
c
o
n
d
c
a
s
e
,
t
h
e
s
m
a
l
l
o
b
s
t
a
c
l
e
i
s
c
o
n
s
i
d
e
r
e
d
a
s
a
s
e
e
d
.
I
f
t
h
e
r
o
b
o
t
i
s
n
o
t
c
a
r
r
y
i
n
g
a
s
e
e
d
,
i
t
g
r
a
s
p
s
t
h
e
s
e
e
d
w
i
t
h
t
h
e
g
r
i
p
p
e
r
;
i
f
t
h
e
r
o
b
o
t
i
s
a
l
r
e
a
d
y
c
a
r
r
y
i
n
g
a
s
e
e
d
,
i
t
d
r
o
p
s
t
h
e
s
e
e
d
i
t
i
s
c
a
r
r
y
i
n
g
c
l
o
s
e
t
o
t
h
e
o
n
e
i
t
h
a
s
f
o
u
n
d
;
t
h
e
n
,
i
n
b
o
t
h
c
a
s
e
s
,
i
t
r
e
s
u
m
e
s
l
o
o
k
i
n
g
f
o
r
s
e
e
d
s
.
N
o
t
e
t
h
a
t
,
b
e
c
a
u
s
e
o
n
l
y
t
h
e
t
w
o
e
x
t
r
e
m
e
s
e
e
d
s
o
f
a
c
l
u
s
t
e
r
c
a
n
b
e
i
d
e
n
t
i
￿
e
d
a
s
s
e
e
d
s
(
i
n
o
p
p
o
s
i
t
i
o
n
t
o
o
b
s
t
a
c
l
e
s
)
b
y
t
h
e
r
o
b
o
t
s
,
c
l
u
s
t
e
r
s
a
r
e
b
u
i
l
d
i
n
l
i
n
e
s
(
s
e
e
F
i
g
.
2
a
s
a
n
e
x
a
m
p
l
e
)
.
B
e
c
k
e
r
s
e
t
a
l
.
’
s
E
x
p
e
r
i
m
e
n
t
s
.
I
n
[
1
]
,
e
a
c
h
r
o
b
o
t
i
s
e
q
u
i
p
e
d
w
i
t
h
I
R
s
e
n
s
o
r
s
f
o
r
o
b
s
t
a
c
l
e
a
v
o
i
d
a
n
c
e
a
n
d
a
C
-
s
h
a
p
e
d
g
r
i
p
p
e
r
.
T
h
e
g
r
i
p
p
e
r
i
s
p
r
o
v
i
d
e
d
w
i
t
h
a
m
i
c
r
o
-
s
w
i
t
c
h
w
h
i
c
h
i
s
a
c
t
i
v
a
t
e
d
w
h
e
n
a
c
e
r
t
a
i
n
n
u
m
b
e
r
o
f
p
u
c
k
s
a
r
e
p
u
s
h
e
d
.
W
e
c
a
n
s
u
m
m
a
r
i
z
e
t
h
e
r
o
b
o
t
’
s
b
e
h
a
v
i
o
u
r
w
i
t
h
t
h
e
f
o
l
l
o
w
i
n
g
s
i
m
p
l
e
r
u
l
e
s
.
T
h
e
r
o
b
o
t
m
o
v
e
s
o
n
t
h
e
a
r
e
n
a
i
n
a
s
t
r
a
i
g
h
t
l
i
n
e
l
o
o
k
i
n
g
f
o
r
p
u
c
k
s
a
n
d
a
v
o
i
d
i
n
g
o
b
s
t
a
c
l
e
s
(
w
a
l
l
o
r
t
e
a
m
m
a
t
e
s
)
.
I
f
t
h
e
p
u
c
k
s
p
u
s
h
e
d
b
y
t
h
e
g
r
i
p
p
e
r
a
r
e
t
h
r
e
e
o
r
m
o
r
e
,
t
h
e
m
i
c
r
o
-
s
w
i
t
c
h
t
r
i
g
g
e
r
s
a
p
u
c
k
-
d
r
o
p
p
i
n
g
b
e
h
a
v
i
o
r
:
t
h
e
r
o
b
o
t
l
e
a
v
e
s
t
h
e
p
u
c
k
s
o
n
p
l
a
c
e
a
n
d
r
e
s
u
m
e
s
t
h
e
s
e
a
r
c
h
i
n
g
b
e
h
a
v
i
o
u
r
.
N
o
t
i
c
e
t
h
a
t
,
b
e
c
a
u
s
e
o
f
t
h
e
s
e
n
s
o
r
i
a
l
o
r
t
h
o
g
o
n
a
l
i
t
y
i
n
t
h
e
d
i
s
t
i
n
c
t
i
o
n
b
e
t
w
e
e
n
p
u
c
k
s
a
n
d
o
b
s
t
a
c
l
e
s
,
c
l
u
s
t
e
r
a
r
e
r
e
c
o
g
n
i
z
e
d
a
n
d
a
c
c
e
s
s
i
b
l
e
f
r
o
m
a
n
y
a
n
g
l
e
.
T
h
e
r
e
s
u
l
t
i
n
g
c
l
u
s
t
e
r
f
o
r
m
i
s
t
h
e
r
e
f
o
r
e
a
p
p
r
o
x
i
m
a
t
i
v
e
l
y
c
i
r
c
u
l
a
r
.
2
.
2
P
r
o
b
a
b
i
l
i
s
t
i
c
M
o
d
e
l
T
h
e
c
e
n
t
r
a
l
i
d
e
a
o
f
t
h
e
p
r
o
b
a
b
i
l
i
s
t
i
c
m
o
d
e
l
i
s
t
h
a
t
i
n
s
t
e
a
d
o
f
s
i
m
u
l
a
t
i
n
g
r
o
b
o
t
s
m
o
v
i
n
g
w
i
t
h
i
n
a
n
e
n
v
i
r
o
n
m
e
n
t
,
t
h
e
i
r
a
c
t
i
v
i
t
y
i
s
r
e
p
r
e
s
e
n
t
e
d
a
s
a
s
e
q
u
e
n
c
e
o
f
p
r
o
b
a
b
i
l
i
s
t
i
c
e
v
e
n
t
s
.
R
o
b
o
t
s
c
o
u
l
d
t
h
e
r
e
f
o
r
e
b
e
s
e
e
n
a
s
d
i
c
e
b
e
i
n
g
t
h
r
o
w
n
i
n
t
o
t
h
e
a
r
e
n
a
a
t
e
a
c
h
i
t
e
r
a
t
i
o
n
,
w
i
t
h
t
h
e
i
r
r
a
n
d
o
m
l
o
c
a
t
i
o
n
a
s
w
e
l
l
a
s
t
h
e
i
r
c
u
r
r
e
n
t
s
t
a
t
e
(
i
.
e
.
c
a
r
r
y
i
n
g
z
e
r
o
,
o
n
e
o
r
t
w
o
o
b
j
e
c
t
s
)
,
d
e
t
e
r
m
i
n
i
n
g
t
h
e
i
r
n
e
x
t
s
t
a
t
e
a
n
d
t
h
e
n
e
x
t
s
t
a
t
e
o
f
t
h
e
e
n
v
i
r
o
n
m
e
n
t
(
i
.
e
.
t
h
e
s
t
a
t
e
o
f
t
h
e
c
l
u
s
t
e
r
s
)
.
T
h
e
m
o
d
e
l
t
a
k
e
s
i
n
t
o
a
c
c
o
u
n
t
p
h
y
s
i
c
a
l
s
i
z
e
s
(
a
r
e
n
a
,
r
o
b
o
t
s
,
a
n
d
o
b
j
e
c
t
s
)
,
t
h
e
g
e
o
m
e
t
r
y
o
f
r
o
b
o
t
-
r
o
b
o
t
a
n
d
r
o
b
o
t
-
e
n
v
i
r
o
n
m
e
n
t
i
n
t
e
r
a
c
t
i
o
n
s
,
t
h
e
t
i
m
e
n
e
e
d
e
d
t
o
m
a
n
a
g
e
t
h
e
m
,
a
n
d
t
h
e
s
e
n
s
o
r
r
a
n
g
e
f
o
r
d
e
t
e
c
t
i
n
g
o
b
j
e
c
t
s
,
w
a
l
l
s
o
r
t
e
a
m
m
a
t
e
s
.
A
n
i
n
t
e
r
e
s
t
i
n
g
f
e
a
t
u
r
e
o
f
t
h
i
s
m
e
t
h
o
d
i
s
t
h
a
t
t
h
e
p
r
o
b
a
b
i
l
i
s
t
i
c
m
o
d
e
l
i
s
e
a
s
y
t
o
i
m
p
l
e
m
e
n
t
b
e
c
a
u
s
e
i
t
i
s
c
l
o
s
e
l
y
r
e
l
a
t
e
d
t
o
t
h
e
￿
o
w
c
h
a
r
t
o
f
t
h
e
r
o
b
o
t
c
o
n
t
r
o
l
l
e
r
s
.
I
n
t
h
e
c
o
n
s
i
d
e
r
e
d
a
g
g
r
e
g
a
t
i
o
n
p
r
o
c
e
s
s
,
t
h
e
t
r
a
n
s
i
t
i
o
n
p
r
o
b
a
b
i
l
i
t
i
e
s
a
m
o
n
g
t
h
e
d
i
￿
e
r
e
n
t
s
t
a
t
e
s
o
f
e
a
c
h
r
o
b
o
t
c
o
n
t
r
o
l
l
e
r
a
r
e
c
o
n
d
i
t
i
o
n
e
d
b
y
t
h
r
e
e
(
f
o
u
r
f
o
r
K
h
e
p
e
r
a
e
x
p
e
r
i
m
e
n
t
s
)
s
t
o
c
h
a
s
t
i
c
p
r
o
c
e
s
s
e
s
.
T
h
e
￿
r
s
t
s
t
o
c
h
a
s
t
i
c
p
r
o
c
e
s
s
a
s
s
i
g
n
s
a
r
a
n
d
o
m
p
o
s
i
t
i
o
n
t
o
t
h
e
r
o
b
o
t
.
I
f
t
h
i
s
p
o
s
i
t
i
o
n
i
s
i
n
s
i
d
e
t
h
e
d
e
t
e
c
t
i
o
n
a
r
e
a
o
f
a
c
l
u
s
t
e
r
,
t
h
e
s
e
c
o
n
d
r
a
n
d
o
m
p
r
o
c
e
s
s
i
s
s
t
a
r
t
e
d
.
A
c
c
o
r
d
i
n
g
t
o
t
h
e
r
o
b
o
t
s
t
a
t
e
,
t
h
e
s
i
z
e
o
f
t
h
e
f
o
u
n
d
c
l
u
s
t
e
r
i
s
i
n
c
r
e
m
e
n
t
e
d
o
r
d
e
c
r
e
m
e
n
t
e
d
b
y
o
n
e
o
r
t
w
o
o
b
j
e
c
t
s
i
f
t
h
e
n
u
m
b
e
r
d
e
l
i
v
e
r
e
d
b
y
t
h
e
s
e
c
o
n
d
r
a
n
d
o
m
p
r
o
c
e
s
s
i
s
w
i
t
h
i
n
t
h
e
i
n
c
r
e
m
e
n
t
i
n
g
o
r
d
e
c
r
e
m
e
n
t
i
n
g
r
e
g
i
o
n
(
c
a
l
c
u
l
a
t
e
d
w
i
t
h
t
h
e
v
a
l
u
e
s
o
f
F
i
g
.
4
c
a
n
d
F
i
g
.
5
c
)
.
N
o
t
i
c
e
t
h
a
t
K
h
e
p
e
r
a
a
n
d
B
e
c
k
e
r
s
e
t
a
l
.
’
s
r
o
b
o
t
s
d
i
￿
e
r
n
o
t
o
n
l
y
f
r
o
m
a
m
o
r
p
h
o
l
o
g
i
c
a
l
b
u
t
a
l
s
o
f
r
o
m
a
s
e
n
s
o
r
i
a
l
a
n
d
t
h
e
r
e
f
o
r
e
b
e
h
a
v
i
o
u
r
a
l
p
o
i
n
t
o
f
v
i
e
w
.
O
n
o
n
e
h
a
n
d
,
w
h
e
n
K
h
e
p
e
r
a
n
o
t
i
c
e
a
n
o
b
j
e
c
t
,
i
t
a
l
w
a
y
s
r
o
t
a
t
e
s
o
n
p
l
a
c
e
t
i
l
l
t
h
e
o
b
j
e
c
t
i
s
i
na
)
b
) 1 2 3 4 5 6 7 8 9 10
0
0.2
0.4
0.6
0.8
1
cluster size [seed]
m
o
d
i
f
y
i
n
g
 
p
r
o
b
a
b
i
l
i
t
y
incrementing
decrementing
c
)
F
i
g
.
4
.
K
h
e
p
e
r
a
(
s
c
a
l
e
1
:
1
0
)
.
a
)
G
e
o
m
e
t
r
i
c
a
l
r
e
p
r
e
s
e
n
t
a
t
i
o
n
o
f
t
h
e
c
l
u
s
t
e
r
i
n
c
r
e
m
e
n
t
-
i
n
g
p
r
o
b
a
b
i
l
i
t
y
.
T
h
e
r
a
t
i
o
b
e
t
w
e
e
n
t
h
e
i
d
e
n
t
i
￿
c
a
t
i
o
n
p
e
r
i
m
e
t
e
r
(
l
i
g
h
t
g
r
e
y
a
r
c
)
a
n
d
t
h
e
t
o
t
a
l
d
e
t
e
c
t
i
o
n
p
e
r
i
m
e
t
e
r
o
f
t
h
e
c
l
u
s
t
e
r
r
e
p
r
e
s
e
n
t
s
t
h
e
p
r
o
b
a
b
i
l
i
t
y
t
o
i
n
c
r
e
m
e
n
t
t
h
e
c
l
u
s
t
e
r
s
i
z
e
b
y
o
n
e
s
e
e
d
.
b
)
G
e
o
m
e
t
r
i
c
a
l
r
e
p
r
e
s
e
n
t
a
t
i
o
n
o
f
t
h
e
c
l
u
s
t
e
r
d
e
c
r
e
m
e
n
t
i
n
g
p
r
o
b
a
b
i
l
i
t
y
.
T
h
e
r
o
b
o
t
,
i
n
o
r
d
e
r
t
o
d
e
c
r
e
m
e
n
t
t
h
e
s
i
z
e
o
f
t
h
e
c
l
u
s
t
e
r
b
y
1
s
e
e
d
,
￿
r
s
t
h
a
s
t
o
d
e
t
e
c
t
t
h
e
s
e
e
d
o
n
t
h
e
c
l
u
s
t
e
r
t
i
p
a
s
i
n
F
i
g
.
4
a
a
n
d
t
h
e
n
g
r
a
s
p
i
t
(
t
h
e
a
n
g
l
e
f
r
o
m
w
h
i
c
h
a
s
e
e
d
c
a
n
s
u
c
c
e
s
s
f
u
l
l
y
b
e
g
r
a
s
p
e
d
f
r
o
m
a
c
l
u
s
t
e
r
i
s
s
l
i
g
h
t
l
y
s
m
a
l
l
e
r
t
h
a
n
i
t
s
d
e
t
e
c
t
i
o
n
a
n
g
l
e
,
s
e
e
d
a
r
k
g
r
e
y
a
r
c
i
n
F
i
g
.
4
b
)
.
c
)
T
h
e
a
b
o
v
e
m
e
n
t
i
o
n
e
d
g
e
o
m
e
t
r
i
-
c
a
l
c
o
n
s
i
d
e
r
a
t
i
o
n
s
a
r
e
t
r
a
n
s
l
a
t
e
d
i
n
p
r
o
b
a
b
i
l
i
t
i
e
s
o
f
i
n
c
r
e
m
e
n
t
i
n
g
o
r
d
e
c
r
e
m
e
n
t
i
n
g
t
h
e
c
l
u
s
t
e
r
s
i
z
e
g
i
v
e
n
t
h
e
s
t
a
t
e
o
f
t
h
e
r
o
b
o
t
(
c
a
r
r
y
i
n
g
o
r
n
o
t
a
s
e
e
d
)
,
o
n
c
e
t
h
e
c
l
u
s
t
e
r
h
a
s
b
e
e
n
f
o
u
n
d
a
)
b
)
1 2 3 4 5 6 7 8 9 10
0
0.2
0.4
0.6
0.8
1
cluster size [puck]
m
o
d
i
f
y
i
n
g
 
p
r
o
b
a
b
i
l
i
t
y
incrementing by 2 pucks
incrementing by 1 puck
decrementing by 1 puck
decrementing by 2 pucks
c
)
F
i
g
.
5
.
B
e
c
k
e
r
s
e
t
a
l
.
(
s
c
a
l
e
1
:
2
0
)
.
a
)
G
e
o
m
e
t
r
i
c
a
l
r
e
p
r
e
s
e
n
t
a
t
i
o
n
o
f
t
h
e
c
l
u
s
t
e
r
i
n
c
r
e
-
m
e
n
t
i
n
g
p
r
o
b
a
b
i
l
i
t
y
.
T
h
e
r
a
t
i
o
b
e
t
w
e
e
n
t
h
e
g
r
e
y
a
r
e
a
s
a
n
d
t
h
e
w
h
o
l
e
d
e
t
e
c
t
i
o
n
a
r
e
a
o
f
t
h
e
c
l
u
s
t
e
r
r
e
p
r
e
s
e
n
t
s
t
h
e
p
r
o
b
a
b
i
l
i
t
y
t
o
i
n
c
r
e
m
e
n
t
t
h
e
c
l
u
s
t
e
r
s
i
z
e
b
y
t
w
o
p
u
c
k
s
(
v
e
r
y
l
i
g
h
t
g
r
e
y
)
o
r
o
n
e
p
u
c
k
(
l
i
g
h
t
g
r
e
y
)
.
b
)
G
e
o
m
e
t
r
i
c
a
l
r
e
p
r
e
s
e
n
t
a
t
i
o
n
o
f
t
h
e
c
l
u
s
t
e
r
d
e
c
r
e
-
m
e
n
t
i
n
g
p
r
o
b
a
b
i
l
i
t
y
.
T
h
e
r
a
t
i
o
b
e
t
w
e
e
n
t
h
e
g
r
e
y
a
r
e
a
s
a
n
d
t
h
e
w
h
o
l
e
d
e
t
e
c
t
i
o
n
a
r
e
a
o
f
t
h
e
c
l
u
s
t
e
r
r
e
p
r
e
s
e
n
t
s
t
h
e
p
r
o
b
a
b
i
l
i
t
y
t
o
d
e
c
r
e
m
e
n
t
t
h
e
c
l
u
s
t
e
r
s
i
z
e
b
y
o
n
e
p
u
c
k
(
d
a
r
k
g
r
e
y
)
o
r
t
w
o
p
u
c
k
s
(
v
e
r
y
d
a
r
k
g
r
e
y
)
.
c
)
T
h
e
a
b
o
v
e
m
e
n
t
i
o
n
e
d
g
e
o
m
e
t
r
i
c
a
l
c
o
n
s
i
d
e
r
a
t
i
o
n
s
a
r
e
t
r
a
n
s
l
a
t
e
d
i
n
p
r
o
b
a
b
i
l
i
t
i
e
s
o
f
i
n
c
r
e
m
e
n
t
i
n
g
o
r
d
e
c
r
e
m
e
n
t
i
n
g
t
h
e
c
l
u
s
t
e
r
s
i
z
e
g
i
v
e
n
t
h
e
s
t
a
t
e
o
f
t
h
e
r
o
b
o
t
(
p
u
s
h
i
n
g
o
n
e
p
u
c
k
,
p
u
s
h
i
n
g
t
w
o
p
u
c
k
s
o
r
u
n
l
o
a
d
e
d
)
,
o
n
c
e
t
h
e
c
l
u
s
t
e
r
h
a
s
b
e
e
n
f
o
u
n
df
r
o
n
t
o
f
i
t
.
I
t
i
s
a
b
l
e
t
o
a
c
c
o
m
p
l
i
s
h
t
h
i
s
b
e
h
a
v
i
o
r
b
e
c
a
u
s
e
i
t
i
s
e
q
u
i
p
e
d
w
i
t
h
a
b
e
l
t
o
f
I
R
s
e
n
s
o
r
s
.
A
s
a
c
o
n
s
e
q
u
e
n
c
e
,
t
h
e
m
o
d
i
f
y
i
n
g
p
r
o
b
a
b
i
l
i
t
i
e
s
a
r
e
c
a
l
c
u
l
a
t
e
d
f
r
o
m
p
e
r
i
m
e
t
e
r
s
o
f
c
l
u
s
t
e
r
s
.
O
n
t
h
e
o
t
h
e
r
h
a
n
d
,
t
h
i
s
b
e
h
a
v
i
o
r
i
s
n
o
t
a
c
c
o
m
p
l
i
s
h
e
d
b
y
B
e
c
k
e
r
s
e
t
a
l
.
’
s
r
o
b
o
t
s
b
e
c
a
u
s
e
t
h
e
g
r
i
p
p
e
r
i
s
o
n
l
y
a
b
l
e
t
o
m
e
a
s
u
r
e
t
h
e
p
r
e
s
-
s
u
r
e
e
x
e
r
t
e
d
b
y
t
h
e
p
u
c
k
s
b
u
t
n
o
t
t
h
e
c
o
n
t
a
c
t
p
o
i
n
t
.
A
s
a
c
o
n
s
e
q
u
e
n
c
e
,
t
h
e
s
e
r
o
b
o
t
s
a
c
c
e
s
s
t
h
e
c
l
u
s
t
e
r
s
f
r
o
m
a
n
y
p
o
i
n
t
a
n
d
a
n
y
a
n
g
l
e
a
n
d
w
e
h
a
v
e
t
o
c
o
n
s
i
d
e
r
s
u
r
f
a
c
e
s
r
a
t
h
e
r
t
h
a
n
p
e
r
i
m
e
t
e
r
s
f
o
r
c
a
l
c
u
l
a
t
i
n
g
t
h
e
m
o
d
i
f
y
i
n
g
p
r
o
b
a
b
i
l
i
t
i
e
s
.
T
h
e
t
h
i
r
d
s
t
o
c
h
a
s
t
i
c
p
r
o
c
e
s
s
,
t
h
e
i
n
t
e
r
f
e
r
e
n
c
e
w
i
t
h
o
t
h
e
r
t
e
a
m
m
a
t
e
s
,
c
a
n
c
a
n
o
c
c
u
r
d
u
r
i
n
g
t
h
e
s
e
a
r
c
h
a
s
w
e
l
l
a
s
d
u
r
i
n
g
o
b
j
e
c
t
p
i
c
k
u
p
o
r
d
r
o
p
a
c
t
i
v
i
t
y
.
I
f
t
h
e
r
a
n
-
d
o
m
p
o
s
i
t
i
o
n
a
s
s
i
g
n
e
d
t
o
t
h
e
r
o
b
o
t
i
s
i
n
s
i
d
e
t
h
e
d
e
t
e
c
t
i
o
n
a
r
e
a
o
f
o
n
e
o
f
t
h
e
t
e
a
m
m
a
t
e
s
,
t
h
e
r
o
b
o
t
’
s
a
c
t
i
v
i
t
y
i
s
f
r
o
z
e
n
f
o
r
a
g
i
v
e
n
n
u
m
b
e
r
o
f
i
t
e
r
a
t
i
o
n
s
c
o
r
r
e
-
s
p
o
n
d
i
n
g
t
o
t
h
e
r
e
a
l
t
i
m
e
l
a
p
s
e
n
e
e
d
e
d
f
o
r
a
v
o
i
d
i
n
g
t
h
e
t
e
a
m
m
a
t
e
.
T
h
e
f
o
u
r
t
h
s
t
o
c
h
a
s
t
i
c
p
r
o
c
e
s
s
,
i
m
p
l
e
m
e
n
t
e
d
o
n
l
y
i
n
t
h
e
K
h
e
p
e
r
a
e
x
p
e
r
i
m
e
n
t
s
’
m
o
d
e
l
l
i
n
g
,
t
a
k
e
s
i
n
t
o
a
c
c
o
u
n
t
t
h
e
o
b
j
e
c
t
d
i
s
t
i
n
g
u
i
s
h
i
n
g
e
￿
c
i
e
n
c
y
(
0
.
8
9
)
o
f
t
h
e
i
m
p
l
e
m
e
n
t
e
d
c
o
n
t
r
o
l
l
e
r
.
E
a
c
h
r
a
n
d
o
m
p
r
o
c
e
s
s
i
s
c
a
r
r
i
e
d
o
u
t
f
o
r
e
a
c
h
r
o
b
o
t
i
n
d
e
p
e
n
d
e
n
t
l
y
b
e
-
f
o
r
e
t
h
e
n
e
x
t
i
t
e
r
a
t
i
o
n
o
f
t
h
e
p
r
o
g
r
a
m
i
s
s
t
a
r
t
e
d
.
I
n
o
r
d
e
r
t
o
c
o
n
v
e
r
t
t
h
e
n
u
m
b
e
r
o
f
i
t
e
r
a
t
i
o
n
s
i
n
t
o
t
i
m
e
,
w
e
c
o
n
s
i
d
e
r
t
h
e
t
i
m
e
n
e
e
d
e
d
b
y
a
r
o
b
o
t
t
o
s
w
e
e
p
t
h
e
d
e
t
e
c
t
i
o
n
a
r
e
a
o
f
a
s
i
n
g
l
e
s
e
e
d
(
e
q
u
i
v
a
l
e
n
t
t
o
a
n
i
t
e
r
a
t
i
o
n
)
a
n
d
c
a
l
c
u
l
a
t
e
a
￿
x
e
d
c
o
n
v
e
r
s
i
o
n
f
a
c
t
o
r
(
F
)
a
s
f
o
l
l
o
w
s
(
s
e
e
[
7
]
f
o
r
f
u
r
t
h
e
r
d
e
t
a
i
l
s
)
.
A
d
e
t
o
b
j
e
c
t
=
d
e
t
e
c
t
i
o
n
s
u
r
f
a
c
e
o
f
a
s
i
n
g
l
e
o
b
j
e
c
t
,
W
r
o
b
o
t
=
r
o
b
o
t
w
i
d
t
h
,
￿
v
r
o
b
o
t
=
m
e
a
n
f
o
r
w
a
r
d
v
e
l
o
c
i
t
y
o
f
t
h
e
r
o
b
o
t
s
.
F
=
A
d
e
t
o
b
j
e
c
t
￿
v
r
o
b
o
t
W
r
o
b
o
t
[
s
=
i
t
e
r
a
t
i
o
n
s
]
(
1
)
A
s
t
e
r
m
o
f
r
e
f
e
r
e
n
c
e
,
t
h
e
m
e
a
n
a
c
c
e
l
e
r
a
t
i
o
n
r
a
t
i
o
b
e
t
w
e
e
n
t
h
e
p
r
o
b
a
b
i
l
i
s
t
i
c
s
i
m
u
l
a
t
i
o
n
a
n
d
r
e
a
l
t
i
m
e
i
s
a
b
o
u
t
4
0
0
0
o
n
a
U
l
t
r
a
S
u
n
1
w
i
t
h
￿
v
e
r
o
b
o
t
s
.
P
r
o
b
a
b
i
l
i
s
t
i
c
M
o
d
e
l
l
i
n
g
o
f
E
x
p
e
r
i
m
e
n
t
s
w
i
t
h
K
h
e
p
e
r
a
.
T
h
e
c
l
u
s
t
e
r
m
o
d
-
i
f
y
i
n
g
p
r
o
b
a
b
i
l
i
t
i
e
s
f
o
r
K
h
e
p
e
r
a
a
r
e
d
e
p
i
c
t
e
d
i
n
F
i
g
.
4
.
E
v
e
r
y
r
o
b
o
t
c
a
n
i
n
c
r
e
m
e
n
t
o
r
d
e
c
r
e
m
e
n
t
t
h
e
s
i
z
e
o
f
a
c
l
u
s
t
e
r
b
y
o
n
e
s
e
e
d
a
t
a
t
i
m
e
.
W
i
t
h
t
h
e
u
s
e
d
n
u
m
e
r
i
c
a
l
v
a
l
u
e
s
(
A
d
e
t
s
e
e
d
=
2
0
.
4
c
m
2
,
￿
v
r
o
b
o
t
=
8
.
0
c
m
/
s
,
W
r
o
b
o
t
=
5
.
5
c
m
)
t
h
e
r
e
s
u
l
t
i
n
g
c
o
n
v
e
r
s
i
o
n
f
a
c
t
o
r
i
s
F
=
0
.
4
6
[
s
/
i
t
e
r
a
t
i
o
n
s
]
)
.
T
h
e
c
o
n
v
e
r
s
i
o
n
f
a
c
t
o
r
i
s
a
l
s
o
u
s
e
d
f
o
r
t
a
k
i
n
g
i
n
a
c
c
o
u
n
t
t
h
e
d
u
r
a
t
i
o
n
o
f
t
h
e
a
c
t
i
o
n
s
o
f
t
h
e
r
o
b
o
t
s
.
F
o
r
i
n
s
t
a
n
c
e
,
w
i
t
h
t
h
e
i
m
p
l
e
m
e
n
t
e
d
d
i
s
c
r
i
m
i
n
a
t
i
n
g
b
e
h
a
v
i
o
r
,
i
t
t
a
k
e
s
3
s
f
o
r
a
v
o
i
d
i
n
g
o
b
s
t
a
c
l
e
s
a
n
d
1
0
s
f
o
r
m
o
d
i
f
y
i
n
g
t
h
e
s
i
z
e
o
f
a
c
l
u
s
t
e
r
.
T
h
e
a
l
g
o
r
i
t
h
m
t
r
a
n
s
l
a
t
e
s
t
h
e
s
e
t
i
m
e
l
a
p
s
e
s
i
n
t
o
n
u
m
b
e
r
o
f
i
t
e
r
a
t
i
o
n
s
d
u
r
i
n
g
w
h
i
c
h
t
h
e
s
e
a
r
c
h
i
n
g
b
e
h
a
v
i
o
r
i
s
f
r
o
z
e
n
.
P
r
o
b
a
b
i
l
i
s
t
i
c
M
o
d
e
l
l
i
n
g
o
f
B
e
c
k
e
r
s
e
t
a
l
.
’
s
E
x
p
e
r
i
m
e
n
t
s
.
T
h
e
c
l
u
s
t
e
r
m
o
d
i
f
y
i
n
g
p
r
o
b
a
b
i
l
i
t
i
e
s
f
o
r
B
e
c
k
e
r
s
e
t
a
l
.
’
s
r
o
b
o
t
s
a
r
e
d
e
p
i
c
t
e
d
i
n
F
i
g
.
5
.
E
v
e
r
y
r
o
b
o
t
c
a
n
i
n
c
r
e
m
e
n
t
o
r
d
e
c
r
e
m
e
n
t
t
h
e
s
i
z
e
o
f
a
c
l
u
s
t
e
r
b
y
o
n
e
o
r
t
w
o
p
u
c
k
s
a
t
a
t
i
m
e
.
W
i
t
h
t
h
e
u
s
e
d
n
u
m
e
r
i
c
a
l
v
a
l
u
e
s
(
A
d
e
t
p
u
c
k
s
=
1
2
.
6
c
m
2
,
￿
v
r
o
b
o
t
=
2
7
c
m
/
s
,
W
r
o
b
o
t
=
1
7
c
m
)
t
h
e
r
e
s
u
l
t
i
n
g
c
o
n
v
e
r
s
i
o
n
f
a
c
t
o
r
i
s
F
=
0
.
0
2
7
[
s
/
i
t
e
r
a
t
i
o
n
s
]
)
.
T
h
e
r
o
b
o
t
t
a
k
e
s
a
b
o
u
t
0
.
5
s
t
o
a
v
o
i
d
a
n
o
b
s
t
a
c
l
e
a
n
d
a
b
o
u
t
1
.
6
s
t
o
m
o
d
i
f
y
t
h
e
s
i
z
e
o
f
a
c
l
u
s
t
e
r
.3
R
e
s
u
l
t
s
W
e
h
a
v
e
c
a
r
r
i
e
d
o
u
t
s
e
v
e
r
a
l
s
e
t
s
o
f
e
x
p
e
r
i
m
e
n
t
s
w
i
t
h
d
i
￿
e
r
e
n
t
n
u
m
b
e
r
o
f
r
o
b
o
t
s
a
n
d
d
u
r
a
t
i
o
n
s
(
s
e
e
T
a
b
l
e
2
)
.
T
h
e
p
l
o
t
s
s
h
o
w
t
h
e
m
e
a
n
o
v
e
r
a
l
l
t
h
e
r
u
n
s
a
n
d
e
r
r
o
r
b
a
r
s
r
e
p
r
e
s
e
n
t
t
h
e
s
t
a
n
d
a
r
d
d
e
v
i
a
t
i
o
n
a
r
o
u
n
d
t
h
e
m
e
a
n
.
3
.
1
E
x
p
e
r
i
m
e
n
t
s
w
i
t
h
K
h
e
p
e
r
a
A
l
l
e
x
p
e
r
i
m
e
n
t
s
a
r
e
c
a
r
r
i
e
d
i
n
t
h
e
t
h
r
e
e
d
i
￿
e
r
e
n
t
i
m
p
l
e
m
e
n
t
a
t
i
o
n
s
(
r
e
a
l
r
o
b
o
t
s
,
W
e
b
o
t
s
s
i
m
u
l
a
t
o
r
a
n
d
p
r
o
b
a
b
i
l
i
s
t
i
c
m
o
d
e
l
)
a
n
d
d
i
￿
e
r
e
n
t
g
r
o
u
p
s
i
z
e
s
,
e
x
c
e
p
t
f
o
r
t
h
e
l
o
n
g
e
s
t
e
x
p
e
r
i
m
e
n
t
s
w
h
i
c
h
h
a
v
e
b
e
e
n
r
e
a
l
i
z
e
d
o
n
l
y
w
i
t
h
a
g
r
o
u
p
o
f
t
h
r
e
e
r
e
a
l
r
o
b
o
t
s
.
I
t
i
s
w
o
r
t
h
t
o
n
o
t
i
c
e
t
h
a
t
t
h
e
a
b
o
u
t
1
8
h
o
u
r
s
n
e
e
d
e
d
f
o
r
a
l
l
t
h
e
r
u
n
s
o
f
t
h
e
l
o
n
g
e
x
p
e
r
i
m
e
n
t
s
w
i
t
h
r
e
a
l
r
o
b
o
t
s
h
a
v
e
b
e
e
n
p
e
r
f
o
r
m
e
d
w
i
t
h
o
u
t
a
n
y
r
e
c
h
a
r
g
i
n
g
b
r
e
a
k
t
h
a
n
k
s
a
s
p
e
c
i
a
l
t
o
o
l
[
6
,
7
]
w
h
i
c
h
a
l
l
o
w
s
t
h
e
r
o
b
o
t
s
t
o
b
e
s
u
p
p
l
i
e
d
f
r
o
m
t
h
e
￿
o
o
r
(
s
e
e
F
i
g
.
2
)
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s
e
e
d
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1 robot
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a
)
b
)
c
)
F
i
g
.
6
.
A
g
g
r
e
g
a
t
i
o
n
e
v
o
l
u
t
i
o
n
w
i
t
h
i
n
c
r
e
a
s
i
n
g
n
u
m
b
e
r
o
f
r
o
b
o
t
s
(
o
n
e
t
o
￿
v
e
)
.
a
)
R
e
s
u
l
t
s
o
f
t
h
e
e
x
p
e
r
i
m
e
n
t
s
w
i
t
h
r
e
a
l
r
o
b
o
t
s
.
b
)
R
e
s
u
l
t
s
o
f
t
h
e
W
e
b
o
t
s
s
i
m
u
l
a
t
o
r
.
c
)
R
e
s
u
l
t
s
o
f
t
h
e
p
r
o
b
a
b
i
l
i
s
t
i
c
m
o
d
e
l
l
i
n
g
I
n
o
r
d
e
r
t
o
c
h
e
c
k
w
h
e
t
h
e
r
o
r
n
o
t
t
h
e
r
e
i
s
a
s
i
g
n
i
￿
c
a
n
t
d
i
￿
e
r
e
n
c
e
b
e
t
w
e
e
n
d
a
t
a
c
o
l
l
e
c
t
e
d
f
r
o
m
t
h
e
s
i
m
u
l
a
t
i
o
n
s
a
n
d
t
h
e
r
e
a
l
e
x
p
e
r
i
m
e
n
t
,
w
e
p
e
r
f
o
r
m
e
d
a
M
a
n
n
-
W
h
i
t
n
e
y
t
e
s
t
[
4
]
o
n
t
h
e
d
i
s
t
r
i
b
u
t
i
o
n
s
o
f
m
e
a
n
c
l
u
s
t
e
r
s
i
z
e
a
t
t
h
e
e
n
d
o
f
t
h
e
s
h
o
r
t
e
r
T
a
b
l
e
2
.
C
h
a
r
a
c
t
e
r
i
s
t
i
c
s
o
f
t
h
e
e
x
p
e
r
i
m
e
n
t
s
c
a
r
r
i
e
d
o
u
t
.
m
c
s
=
m
e
a
n
s
i
z
e
o
f
t
h
e
c
l
u
s
-
t
e
r
s
,
b
c
s
=
s
i
z
e
o
f
t
h
e
b
i
g
g
e
s
t
c
l
u
s
t
e
r
,
n
c
=
n
u
m
b
e
r
o
f
c
l
u
s
t
e
r
s
S
e
t
-
u
p
R
o
b
o
t
s
D
u
r
a
t
i
o
n
N
b
o
f
r
e
p
e
t
i
t
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o
n
s
M
e
a
s
u
r
e
m
e
n
t
F
i
g
u
r
e
s
r
e
a
l
W
e
b
o
t
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p
r
o
b
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p
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p
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l
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g
l
e
c
l
u
s
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n
c
8
a
B
e
c
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l
.
1
{
5
t
i
l
l
s
i
n
g
l
e
c
l
u
s
t
e
r
3
{
1
0
0
n
c
8
b0 60 120 180 240 300 360 420 480 540 600
0
5
10
15
20
time [min]
m
e
a
n
 
s
i
z
e
 
o
f
 
c
l
u
s
t
e
r
s
 
[
s
e
e
d
]
Webots
probabilistic model
real robots
0 60 120 180 240 300 360 420 480 540 600
0
5
10
15
20
time [min]
s
i
z
e
 
o
f
 
t
h
e
 
b
i
g
g
e
s
t
 
c
l
u
s
t
e
r
 
[
s
e
e
d
]
Webots
probabilistic model
real robots
0 60 120 180 240 300 360 420 480 540 600
0
5
10
15
20
time [min]
n
u
m
b
e
r
 
o
f
 
c
l
u
s
t
e
r
s
Webots
probabilistic model
real robots
a
)
b
)
c
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F
i
g
.
7
.
E
v
o
l
u
t
i
o
n
o
f
a
g
g
r
e
g
a
t
i
o
n
p
r
o
c
e
s
s
d
u
r
i
n
g
t
e
n
h
o
u
r
s
.
T
h
e
r
e
s
u
l
t
s
o
f
r
e
a
l
r
o
b
o
t
s
,
W
e
b
o
t
s
s
i
m
u
l
a
t
o
r
a
n
d
p
r
o
b
a
b
i
l
i
s
t
i
c
m
o
d
e
l
l
i
n
g
a
r
e
o
v
e
r
l
a
p
p
e
d
i
n
t
h
e
s
a
m
e
p
l
o
t
.
N
o
t
i
c
e
t
h
a
t
t
h
e
r
e
s
u
l
t
i
n
g
p
l
o
t
s
a
r
e
t
h
e
a
v
e
r
a
g
e
o
f
a
d
i
￿
e
r
e
n
t
n
u
m
b
e
r
o
f
r
u
n
s
w
i
t
h
d
i
￿
e
r
e
n
t
s
a
m
p
l
e
t
i
m
e
s
(
1
5
m
i
n
u
t
e
s
f
o
r
r
e
a
l
r
o
b
o
t
s
,
2
m
i
n
f
o
r
W
e
b
o
t
s
a
n
d
p
r
o
b
a
b
i
l
i
s
t
i
c
m
o
d
e
l
l
i
n
g
)
.
I
n
o
r
d
e
r
t
o
o
b
t
a
i
n
a
p
l
o
t
w
i
t
h
r
e
a
l
r
o
b
o
t
s
e
x
t
e
n
d
e
d
o
v
e
r
a
p
r
e
-
e
s
t
a
b
l
i
s
h
e
d
,
w
i
d
e
t
i
m
e
w
i
n
d
o
w
,
w
e
r
e
c
o
r
d
e
d
t
h
e
a
g
g
r
e
g
a
t
i
o
n
n
o
i
s
e
d
u
r
i
n
g
t
w
o
h
o
u
r
s
a
f
t
e
r
a
s
i
n
g
l
e
c
l
u
s
t
e
r
a
r
o
s
e
.
T
h
i
s
a
l
l
o
w
e
d
u
s
t
o
s
t
o
p
a
g
i
v
e
n
r
u
n
o
n
c
e
a
l
l
s
e
e
d
s
w
e
r
e
g
a
t
h
e
r
e
d
i
n
a
s
i
n
g
l
e
c
l
u
s
t
e
r
a
n
d
t
o
e
x
t
e
n
d
t
h
e
r
u
n
d
a
t
a
w
i
t
h
t
h
e
r
e
c
o
r
d
e
d
n
o
i
s
e
e
x
p
e
r
i
m
e
n
t
s
a
n
d
o
n
t
h
e
t
i
m
e
n
e
e
d
e
d
t
o
g
a
t
h
e
r
a
l
l
s
e
e
d
s
i
n
t
h
e
l
o
n
g
e
r
e
x
p
e
r
i
m
e
n
t
s
.
W
i
t
h
t
h
e
h
e
l
p
o
f
t
h
i
s
n
o
n
-
p
a
r
a
m
e
t
r
i
c
t
e
s
t
,
w
e
c
o
m
p
a
r
e
d
t
h
e
d
i
s
t
r
i
b
u
t
i
o
n
s
o
f
p
a
i
r
s
o
f
d
a
t
a
s
e
t
s
.
T
h
e
r
e
s
u
l
t
s
s
h
o
w
t
h
a
t
t
h
e
r
e
i
s
n
o
s
t
a
t
i
s
t
i
c
a
l
l
y
s
i
g
n
i
￿
c
a
n
t
d
i
￿
e
r
e
n
c
e
(
p
<
0
.
0
5
)
o
v
e
r
2
7
d
a
t
a
s
e
t
s
e
x
c
e
p
t
i
n
t
h
r
e
e
c
a
s
e
s
(
F
i
g
.
6
,
o
n
e
r
o
b
o
t
,
W
e
b
o
t
s
v
s
.
p
r
o
b
.
m
o
d
e
l
a
n
d
t
h
r
e
e
r
o
b
o
t
s
,
r
e
a
l
r
o
b
o
t
s
v
s
.
p
r
o
b
.
m
o
d
e
l
;
F
i
g
.
8
a
,
n
i
n
e
r
o
b
o
t
s
,
W
e
b
o
t
s
v
s
.
p
r
o
b
.
m
o
d
e
l
)
.
F
i
g
.
6
s
h
o
w
s
t
h
e
i
n
i
t
i
a
l
c
l
u
s
t
e
r
i
n
g
e
v
o
l
u
t
i
o
n
f
o
r
a
g
r
o
u
p
o
f
o
n
e
t
o
￿
v
e
r
o
b
o
t
s
.
A
l
t
h
o
u
g
h
t
h
e
r
e
s
u
l
t
s
o
f
b
o
t
h
s
i
m
u
l
a
t
i
o
n
s
,
W
e
b
o
t
s
a
n
d
p
r
o
b
a
b
i
l
i
s
t
i
c
m
o
d
e
l
,
a
r
e
s
l
i
g
h
t
l
y
s
m
o
o
t
h
e
r
t
h
a
n
t
h
o
s
e
o
f
t
h
e
r
e
a
l
o
n
e
s
(
t
h
e
y
a
r
e
n
a
m
e
l
y
t
h
e
a
v
e
r
a
g
e
o
f
a
l
a
r
g
e
r
n
u
m
b
e
r
o
f
e
x
p
e
r
i
m
e
n
t
a
l
r
e
p
l
i
c
a
t
i
o
n
s
)
,
t
h
e
t
h
r
e
e
p
l
o
t
s
p
r
e
s
e
n
t
a
g
o
o
d
a
g
r
e
e
m
e
n
t
.
F
i
g
.
7
i
l
l
u
s
t
r
a
t
e
s
l
o
n
g
e
r
e
x
p
e
r
i
m
e
n
t
s
w
i
t
h
a
g
r
o
u
p
o
f
t
h
r
e
e
r
o
b
o
t
s
.
O
n
c
e
a
g
a
i
n
,
b
o
t
h
t
h
e
s
e
n
s
o
r
-
b
a
s
e
d
s
i
m
u
l
a
t
i
o
n
a
n
d
t
h
e
p
r
o
b
a
b
i
l
i
s
t
i
c
m
o
d
e
l
a
r
e
i
n
g
o
o
d
a
g
r
e
e
-
m
e
n
t
.
R
e
a
l
r
o
b
o
t
s
d
a
t
a
s
h
o
w
a
s
l
i
g
h
t
l
y
f
a
s
t
e
r
e
v
o
l
u
t
i
o
n
o
f
t
h
e
a
g
g
r
e
g
a
t
i
o
n
p
r
o
c
e
s
s
b
u
t
t
h
i
s
i
s
m
a
i
n
l
y
d
u
e
t
o
t
h
e
r
e
d
u
c
e
d
n
u
m
b
e
r
o
f
r
u
n
s
i
n
c
o
m
p
a
r
i
s
o
n
t
o
s
i
m
u
l
a
-
t
i
o
n
.
T
h
e
m
e
a
n
r
e
a
l
r
o
b
o
t
d
a
t
a
a
r
e
i
n
a
n
y
c
a
s
e
w
i
t
h
i
n
t
h
e
m
e
a
n
v
a
l
u
e
e
x
t
e
n
d
e
d
w
i
t
h
t
h
e
s
t
a
n
d
a
r
d
d
e
v
i
a
t
i
o
n
o
f
s
i
m
u
l
a
t
i
o
n
d
a
t
a
.
F
i
g
.
8
a
s
h
o
w
s
a
c
o
m
p
a
r
i
s
o
n
o
f
W
e
b
o
t
s
s
i
m
u
l
a
t
o
r
a
n
d
p
r
o
b
a
b
i
l
i
s
t
i
c
m
o
d
e
l
b
a
s
e
d
o
n
m
e
a
n
a
n
d
v
a
r
i
a
n
c
e
o
f
t
h
e
t
i
m
e
n
e
e
d
e
d
b
y
t
h
e
r
o
b
o
t
s
t
o
g
a
t
h
e
r
a
l
l
t
h
e
s
e
e
d
s
i
n
a
s
i
n
g
l
e
c
l
u
s
t
e
r
.
3
.
2
B
e
c
k
e
r
s
e
t
a
l
.
’
s
E
x
p
e
r
i
m
e
n
t
s
T
h
e
c
o
m
p
a
r
i
s
o
n
b
e
t
w
e
e
n
t
h
e
r
e
s
u
l
t
s
o
f
o
u
r
p
r
o
b
a
b
i
l
i
s
t
i
c
m
o
d
e
l
a
n
d
t
h
e
o
n
e
s
r
e
p
o
r
t
e
d
i
n
[
1
]
i
s
s
h
o
w
n
i
n
F
i
g
.
8
b
.
T
h
e
r
e
i
s
a
g
o
o
d
a
g
r
e
e
m
e
n
t
b
e
t
w
e
e
n
b
o
t
h
r
e
s
u
l
t
s
b
a
s
e
d
o
n
m
e
a
n
a
n
d
v
a
r
i
a
n
c
e
o
f
t
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e
t
i
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b
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F
i
g
.
8
.
C
o
m
p
a
r
i
s
o
n
b
e
t
w
e
e
n
t
h
e
r
e
s
u
l
t
s
o
f
s
i
m
u
l
a
t
i
o
n
s
a
n
d
r
e
a
l
r
o
b
o
t
s
o
n
t
h
e
t
i
m
e
n
e
e
d
e
d
t
o
g
a
t
h
e
r
a
l
l
t
h
e
o
b
j
e
c
t
s
i
n
a
s
i
n
g
l
e
c
l
u
s
t
e
r
.
a
)
K
h
e
p
e
r
a
e
x
p
e
r
i
m
e
n
t
s
.
b
)
B
e
c
k
e
r
s
e
t
a
l
.
’
s
e
x
p
e
r
i
m
e
n
t
s
a
l
l
t
h
e
p
u
c
k
s
i
n
a
s
i
n
g
l
e
c
l
u
s
t
e
r
.
H
o
w
e
v
e
r
,
w
e
w
e
r
e
n
o
t
a
b
l
e
t
o
p
e
r
f
o
r
m
a
n
y
s
t
a
t
i
s
t
i
c
a
l
t
e
s
t
b
e
c
a
u
s
e
s
i
n
g
l
e
r
u
n
d
a
t
a
w
e
r
e
n
o
m
o
r
e
a
v
a
i
l
a
b
l
e
.
4
D
i
s
c
u
s
s
i
o
n
a
n
d
C
o
n
c
l
u
s
i
o
n
T
h
i
s
p
a
p
e
r
p
r
e
s
e
n
t
e
d
a
s
i
m
p
l
e
a
n
d
￿
e
x
i
b
l
e
p
r
o
b
a
b
i
l
i
s
t
i
c
m
o
d
e
l
w
h
i
c
h
h
a
s
b
e
e
n
a
p
p
l
i
e
d
t
o
t
w
o
c
o
m
p
l
e
t
e
l
y
d
i
￿
e
r
e
n
t
r
o
b
o
t
i
c
s
p
l
a
t
f
o
r
m
s
.
T
h
e
g
o
o
d
a
g
r
e
e
m
e
n
t
o
f
t
h
e
c
l
u
s
t
e
r
i
n
g
d
y
n
a
m
i
c
s
d
e
s
c
r
i
b
e
d
b
y
t
h
e
p
r
o
b
a
b
i
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c
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c
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c
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c
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p
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l
c
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c
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c
l
u
s
-
t
e
r
i
n
g
p
r
o
b
l
e
m
.
T
h
e
s
e
c
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b
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c
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p
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c
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p
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i
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c
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c
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c
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c
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c
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c
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c
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b
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c
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b
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￿
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p
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￿
c
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p
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c
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c
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c
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c
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c
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p
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c
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p
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c
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b
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c
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c
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b
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c
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c
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c
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c
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c
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c
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b
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p
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l
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c
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c
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c
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c
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c
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c
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c
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c
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c
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c
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p
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h
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p
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c
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b
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p
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p
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c
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c
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c
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c
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e
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b
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c
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c
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c
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c
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c
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d
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P
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p
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p
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p
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p
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r
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p
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c
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c
t
i
v
e
R
o
b
o
t
i
c
s
D
e
s
i
g
n
"
.
R
e
f
e
r
e
n
c
e
s
1
.
R
.
B
e
c
k
e
r
s
,
O
.
E
.
H
o
l
l
a
n
d
,
a
n
d
J
.
L
.
D
e
n
e
u
b
o
u
r
g
.
F
r
o
m
l
o
c
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c
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c
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c
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.
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i
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.
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e
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i
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c
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i
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p
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c
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.
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x
p
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t
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c
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c
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b
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c
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c
e
o
n
I
n
t
e
l
l
i
g
e
n
t
R
o
b
o
t
s
a
n
d
S
y
s
t
e
m
s
I
R
O
S
-
9
6
,
v
o
l
u
m
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b
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.
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b
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c
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p
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.
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P
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h
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p
e
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c
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p
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i
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p
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c
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c
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c
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p
e
r
i
m
e
n
t
s
w
i
t
h
r
e
a
l
r
o
b
o
t
s
.
R
o
b
o
t
i
c
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p
e
a
r
.
P
r
e
p
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.
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c
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c
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b
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